The structure of the UK manufacturing industry is shifting. The current trend is for large companies to focus on their core competencies and to reduce their supplier base. They now expect suppliers to provide modules and sub-assemblies with increasing integration and functionality.
Introduction
The technical remit of the PRIME Faraday Partnership is the manufacture of complex integrated mechanical and electronic products, which requires capabilities in a broadening range of technologies.
Increasingly, large companies prefer to take responsibility for overall system design, marketing, distribution and support, while pushing the detailed design and manufacture of modules and sub-assemblies further down the value chain. The challenge therefore falls to SMEs in the supply chain to develop new products with often very limited resources.
In order to enhance the capability of suppliers to provide integrated electronic and mechanical components, the process of technology acquisition, insertion and integration needs to be strengthened. This will enable companies to identify the up-and-coming technologies which they will need; and to allow them to incorporate those technologies into their business.
Industry Background
There are a number of challenges facing the manufacturing industry supply chain; particularly those sectors dominated by large systems integration companies. (The PRIME Faraday Partnership has strong links with the aerospace industry, which is one example of this type of industry sector.) The challenges include globalisation and rationalisation, in the form of companies downsizing and focussing on core competencies, against a background of mergers and acquisitions.
The dynamics of the supply chain in terms of company size have been considered by Tether and Storey (TETHER and STOREY 1998) . They described a phenomenon where employment in a particular industry sector decreases, but the number of business units increases, contrary to the normal life cycle pattern for an industry. This was found to be true for high technology manufacturing in the 1980s, including the aerospace sector. Analysis performed on aerospace sector data from the Office for National Statistics (ONS) (ONS 1985 (ONS -1996 suggests that this trend has continued into the 1990s. Tether and Storey interpret this phenomenon as an indication that large firms are downsizing, while more small firms are emerging to supply products and services which were formerly provided in-house.
As large global companies take part in mergers and acquisitions, however, pressures arise to rationalise the supplier base, even though this strategy can cause friction between the purchasing and engineering functions in the large companies. There are additional challenges and opportunities for manufacturing suppliers due to offset agreements: for example, where a national government might impose conditions that a certain quota of component orders should be placed within their country if their airline purchases an aeroplane. Since low value "make-to-drawing" parts are easy to outsource abroad, increasing the added value of products is a sensible tactic.
The structure of the manufacturing industry is shifting, as large companies move towards the position of being system builders, and outsource more design and manufacture. There is a risk that the innovative capacity of the value chain could be affected, particularly in terms of technology forecasting and acquisition. Whereas a larger company might be accustomed to working with long development times, and would have the resources to maintain awareness of up-and-coming technology, a small supplier is unlikely to have the resources to plan for the new technology of ten years hence. Expectations that suppliers will be able to provide components and sub-assemblies incorporating the most appropriate and up-to-date technology may prove over-optimistic. McElroy and Fisher (MCELROY and FISHER 1999) comment on the effects of outsourcing in the electronics industry. They note that suppliers have limited awareness of the long-term needs of original equipment manufacturers (OEMs) and first-tier suppliers. The OEMs do not share advance knowledge of future needs with suppliers unless specific action is required.
Supplier development schemes -originally set up to address quality issues -are sometimes used to transfer best practice information on a variety of topics, including technology. At present, however, strategic information for technology lookahead is not shared in this way.
The government Technology Foresight programme does address the issue of future technology. In the Foresight process, expert panels develop scenarios of the future; identify potential needs, opportunities and threats; then build appropriate strategies. The Foresight programme has great potential to help SMEs with technology strategy specific to their business, not only by dissemination of the views of the expert panels. The challenge is to successfully transfer the Technology Foresight process itself into small companies.
The Innovation Environment for SMEs

UK National Innovation System
Figure 1 represents the innovation environment in which SMEs find themselves. A pipeline analogy is used, so that a thicker line indicates that information can pass easily, and conversely a thin or dashed line suggests a poor link between the two points. Thus the thick line shown between the SME and customers and suppliers indicates a good line of communication throughout the supply chain. 
Innovation Survey Review
Innovation and SMEs are two topics crucial to the competitiveness of UK industry. As a result, a number of institutions have conducted innovation surveys, some focussing exclusively on SMEs. The quantitative data provides some firm evidence concerning the innovation environment for SMEs, confirming the influences mapped in Figure 1 . The surveys studied were as follows:
• Department of Trade and Industry (DTI)/ONS Survey 1995 -Sampled SMEs (with 20-250 employees) in the manufacturing sector. (LAMBERT and BARBER 1998; MARSH 1996) • ESRC Centre for Business Research (CBR) (University of Cambridge) Surveys 1991 Surveys , 1993 Surveys , 1995 Surveys , 1997 -Sampled SMEs (with 1-500 employees) in the manufacturing and business service sectors. (COSH and HUGHES 1998; COSH and HUGHES 1996 ; SMALL BUSINESS RESEARCH CENTRE 1992) • CBI/3M/NatWest Innovation Trends Surveys (Annually 1989 (Annually -1999 -Sampled large and small companies in manufacturing and non-manufacturing sectors. (CBI 1995 (CBI , 1996 (CBI , 1997 CBI 1998; CBI 1999; COOMBS and TOMLINSON 1998) • Community Innovation Survey (UK) 1998 (conducted by ONS for DTI) -Sampled firms with greater than 10 employees in the manufacturing sector and most of the service sector.
(CRAGGS and JONES 1998)
Sources of information for innovation
The surveys show that firms regard their own internal resources as the most important in the innovation process. Customers and suppliers are also extremely significant -customers in particular for product ideas, and equipment suppliers for process ideas (see Charts 1 and 2). The information and informal networking opportunities provided by conferences and exhibitions, and by trade associations, also contribute to the innovation process.
Other sources of information do not rate particularly highly, except in the CBI survey for 1998 (CBI 1998), which implies that Business Links, higher education institutes (HEIs) and commercial research organisations provide a reasonably high input. The CBI survey, however, does not distinguish between sources which firms regard as important, and those that are not so significant: it simply records the percentage of firms which mention the source. 
Characteristics of innovating companies
Innovating companies are defined (for this paper) as those that introduce any technologically new or improved products, processes or services. The 1997 CBR survey (COSH and HUGHES 1998) shows that innovating firms use external advice more than non-innovators. It is likely that the ability to access external sources of information is one of the key capabilities of an innovating firm. Micro-sized SMEs (with less than 10 employees) rated customers, competitors, trade fairs and consultants as less important sources of information for innovation, than did the small and medium sized companies. The lack of personnel able to tap into these sources clearly affects the firm's ability to utilise them.
Similarly, the likelihood of collaborations and partnerships increases with firm size, since larger firms are better able to network because of infrastructure and logistics. The Community Innovation Survey (CRAGGS and JONES 1998) found that while 52% of innovative large enterprises engaged in technological co-operation, only 22% of manufacturing SMEs did so. The types of collaborative activity were investigated in both the DTI-ONS survey (MARSH 1996) , and the 1997 CBR survey (Charts 3 and 4). 
SME Mini-Case Studies
In order to gain further understanding of the SME innovation environment and SME strategies for technology acquisition, semi-structured interviews were conducted with senior managers in four small manufacturing companies. While the quantitative data shows the relative influence of customers and other sources, it does not explain how this influence is manifested.
A qualitative study provides further insight in these areas.
Two of the companies studied were product-orientated, while one was process-orientated. The remaining company sold products and processes, but aimed to move to products alone. Focussing on either products or processes will influence the way in which a company views timescale and lifecycle issues.
Company A
The first company visited was the largest, with 135 employees and a turnover of £18m. They were established 13 years ago, after a management buyout from a large, well-known company. The company has a niche market in data storage products, and they supply mainly to large computer manufacturing companies at present. The interview was carried out with a senior manager with the combined role of Development Manager and Quality Manager.
CBR Survey
Company A makes significant use of market research consultants, to plan future products. Market analysis and industry trends are examined, and users of the product are asked which features they like and dislike. The new marketing strategy is to sell to end users rather than OEMs.
R&D is seen as a key function, with around 30 employees involved in product development. At present the company has 3 product lines, each with several models. Rather than step changes, the strategy is for evolutionary product change, consistent with existing strengths and capabilities. One product was an industry standard and is still selling after 10 years, but future products are not expected to achieve similar lifecycles.
The manager considers internal resources to be more important than external resources in generating new product and process ideas -from brainstorming sessions to the formation of cross-functional design and manufacturing teams. External links are still evident, however. Customer comments are considered useful to the innovation process. A strategic alliance has given the company access to particular technologies and expertise, they have been involved in several European collaborative research projects, and they have links with universities and research organisations. The company has registered patents.
The company has won a number of awards, and appears to have a strategic approach to product development. Products incorporate new technology, and evolve to meet new legislation and product standards. There appears to be no plan to move out of their niche market, however, which could disappear in the fast moving world of information technology.
Company B
The second company was the oldest, having been formed 225 years ago to service the UK coal-mining industry. The company, formerly a public limited company with 500-600 employees, had declined with the mining industry -until it was bought 7 years ago and diversified into overseas mining, logistics and materials handling. Currently there are 116 employees, and the turnover is £7-£7.25m.
The interview was conducted with the Executive Chairman and Director of the company, both of whom partly own the company. An interview with a technical manager may have elicited different responses -the interviewees in this case have a market-facing role.
Company B has a large portfolio of control and monitoring products for the mining, materials handling and logistics industries. Customers are predominantly large companies, located world-wide. Maintaining strategic partnerships is important to the company, since many of their products form part of larger systems, and will become increasingly embedded in their customer's products.
Historically their product lifecycle was around 20 years, but now lifecycles are around 3 years and products are planned approximately 2 years ahead. Company B has 14 people employed in product development. Decisions to invest in particular products are influenced by the company's strong understanding of the marketplace, by the company's particular strengths, by their competitor's activities, and by opportunities that arise from informal networking. The interviewees felt that strategic planning is not appropriate for SMEs, and that new product, process or technology implementation is driven by customer requirements. Customers make suggestions about the product, its features, and the technology within the product -one example is the incorporation of fibre optic technology for a particular customer.
External links appear to be very strong, with the company co-designing with customers and suppliers, working with a number of universities, and taking part in a European project. The interviewees are very involved with the CBI. They see new standards and legislation as opportunities rather than threats, using their trade association and other opportunities to influence legislation at the drafting stage. The company has registered patents, and has bought licences to use outside technology as well as licensing out one of its products.
The company sees its future as part of the supply chain in Europe -they will not be able to compete on their own.
Company C
Company C has around 64 employees, and a turnover of £4.3m. It is an engineering service company, providing computer aided design and analysis, rapid prototyping, precision engineering services, tool making, model and pattern making, vacuum casting and rapid injection moulding. The company was established 53 years ago, as a 2-man precision engineering company.
The interview was carried out with the International Projects Director.
Since this company's products are manufacturing processes, the innovation issues are rather different. R&D is production orientated, and there are no employees specifically allocated to this function. Often new technology comes in the form of new machines, so the biggest challenges are in training personnel in the use of equipment, and in optimising the process. Customers can influence the decision to use new materials in a process, or to bring in new processes -although the high capital investment required for new equipment means that the company must be convinced that there is a real market. In the rapid prototyping area, however, technology push is more influential, as newer versions of machines are brought out. It is also necessary for the company to have the latest software releases, in order to be able to take customer data.
External sources of information are seen as critical in providing ideas for new products and processes, particularly customers and competitor's customers. Internal and external resources are employed to gather intelligence from journals, seminars, universities, competitors and the Internet. The information is formulated, condensed and discussed -Company C consider this to be part of their competitive advantage, and will not reveal their methods. Internal resources are important in the introduction of new processes, and in the use of new parts or raw materials. The local regional technology centre has proved very useful in providing basic market information.
The company has a strategic research agreement with one UK university, and links with 10 other universities in the UK, Europe and the Far East. It also has a high-level link with a German research organisation. Commercial partnerships with competitors are used as a means to find out whether particular technologies are worth investing in. These partnerships are reviewed quarterly. Company C has a policy of not patenting, in order to preserve confidentiality. It has bought licences to use technology from other organisations, but does not sell licences following a strategic decision to avoid becoming a technical consultancy.
Company C believes that it is critical for their sector that a trade association is established, to provide a number of benefits including the development of standards, joint venture opportunities, technological support and benchmarking.
Strategy is very important to Company C, and their success has been recognised with awards from several organisations.
Company D
The final company is very much the smallest, with only 15 employees and a turnover of approximately £0.75m. It was established 11 years ago, as a low volume sub-contract electronic assembly firm. They also design and manufacture microprocessor-based systems for traditionally low technology applications such as garage doors.
The interview was conducted with the General Manager, who is the owner, driving force and the main product designer.
Almost a third of the workforce are employed in product development. This is almost entirely for specific customers, although Company D would like to move to a position where they design, manufacture and sell a standard product of their own. At present they rely on subcontract work from large companies, and on developing custom systems for smaller customers, who generally fail to take it any further, or send the work abroad if the product is successful.
Product development is planned, but is not given high priority, since it can only be paid for by cutting product costs (customers are not willing to pay for ongoing development). Decisions to invest in particular products, processes or technology are purely reliant on whether there is a specific order. Products are chosen on the basis of the technologies that the company already has -everything is based on microprocessor technology.
The most important source of information in providing ideas for new products is the interviewee's informal network of contacts. The workforce is gaining experience, and the design work is now being brought in-house, so internal resources will have more influence in the future. The external resources have been critical, however.
Company D has had links with universities, which have not been particularly successful. SME support organisations have not been able to help the company, because certain resources are always required, or conditions imposed, in order to access the support on offer. The only exception was the local council, who provided a very useful equipment grant.
Other information sources have made little impact on Company D -the interviewee is conscious of burying his head in the sand over legislative issues such as electromagnetic compatibility. Personal contacts are relied on for information.
Company D aims to move from selling a sub-contract assembly process, to selling their own product. Limited resources restrict their possibilities for a strategic approach to technology, however.
Case Study Discussion
The cases confirm that customers have an extremely important role in influencing new technology within small companies. All the companies consider themselves to be close to their customers, although the phrase "strategic partnership" was observed as being used as a bartering tool by certain customers. The influence of the customer is only to be expected, since winning the next order is vital. The focus, however, is very much on immediate requirements, rather than future technology needs. Therefore, a company that relies too much on customers for technology lookahead may find that they have failed to prepare themselves adequately for the next technological advance.
The process of monitoring of information about future technology is only recognised as a core competence by Company C, although most of the case companies use mechanisms that have a role in technology lookahead. The companies were involved in partnerships -commercial partnerships with competitors, strategic alliances with customers, and key supplier agreements. Formal and informal networks are useful sources of information, but university research projects have not met the expectations of these companies.
The mismatch of timescales contributes to difficulties with partnerships between universities and SMEs. The recent CBI survey (CBI 1999) found that development times for products, services and internal processes are becoming shorter, with two thirds of all new products and services being developed in under two years. At the same time, the life span of products, services and processes is reducing, which is consistent with the views expressed by Companies A and B. European collaborative research projects also have timescales that are too long for SMEs. Three of the companies have been involved with such projects, and the experience has discouraged them from future involvement. Apart the timescale problems, there were difficulties finding partners, and none of the projects had resulted in commercial success. Project partners did not necessarily share all of the associated know-how resulting from the work.
Each of the case companies has received some help from a publicly funded source -local government office, TEC (for Investors in People), regional technology centre, and local council. All of the companies in the sample feel that Business Links may be useful to other SMEs, but the services offered are not appropriate to a company like themselves. The other forms of government support have not contributed directly to technology lookahead, but may have helped indirectly by providing access to grants, training and market information.
All the companies studied have survived in one form or another for more than 10 years. This suggests an ability to adapt to changing circumstances, and to grasp new opportunities. An awareness of future technology requirements, and preparation where possible, can only help them to succeed in the years to come.
Conclusions
The manufacturing industry in the UK is undergoing change, with large companies looking to their suppliers to provide more complex modules and sub-assemblies based on the integration of different technologies. If the trend continues, the situation could arise where the larger companies only work at a systems level, and the responsibility for technological design and manufacture lies firmly with the supplier.
SMEs use their customers as a key source of information for innovation, but in future their customers may instead expect technological innovation from them. There is a risk that technology foresight will be thought of as "someone else's job", and may not be adequately addressed within the value chain.
Small firms do not have a great deal of time or resources for developing technology strategies. While the science base is an obvious source of information about future technology, it is difficult for SMEs to access the relevant information directly in a suitable form. Intermediary organisations may be better placed to transfer this information to SMEs.
From the UK point of view, other elements in the innovation system could be utilised to help address this issue. This might involve the development of technology roadmaps, the dissemination of best practice in technology strategy, or the dissemination of Technology Foresight panel findings. Trade associations could have a role to play, and large companies could use their supplier development schemes to pass on this type of information. There are a number of benefits which SMEs can gain from forming alliances, and this could include combining resources to exploit new technology.
Having a strategic approach to technology acquisition will become increasingly vital to manufacturing SMEs, and needs to be recognised as a key competence.
